Summary.-A late-gestation neonatal antigen (gamma foetal antigen; y-FA) immunologically and biochemically unrelated to murine a-foetoprotein, was identified in several spontaneous and carcinogen-induced sarcomas and hepatic carcinomas of the mouse and rat. An approximate mol. wt of 35,000 for y-FA from both foetus and tumour was obtained by molecular-sieve chromatography and sucrose-gradient centrifugation. Radial immunodiffusion analyses of organ extracts indicated that y-FA could be found in several neonatal tissues, the highest concentration occurring in the spleen. In the 2-month-old mouse, only splenic tissue contained y-FA and at much lower levels than in the organ of the newborn mouse.
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THE RE-EXPRESSION of certain common embryonic antigens has been observed in 2 hepatic tumours and a fibrosarcoma originally induced in rats with 4-dimethylaminoazobenzene and 3-methylcholanthrene respectively (Baldwin et al., 1972) . Recently, a late-gestation/neonatal antigen (gamma foetal antigen) was identified in the sera of mice bearing transplanted tumours derived from 3-methylcholanthrene-induced fibrosarcomas and a spontaneous hepatoma (Tong et al., 1978; Higgins et al., 1979) . This expression of shared tumour-associated foetal antigens by neoplastic cells suggests that certain events associated with malignant transformation of diverse cell types may be similar. Analysis of the characterization and distribution of specific tumour-associated foetal antigens would, therefore, be essential to any comprehensive understanding of the antigenic composition of tumour cells.
In this paper, some of the biochemical properties of murine gamma foetal antigen (y-FA) are described, as well as its tissue distribution in the foetal and adult mouse. Evidence is also presented for the occurrence of y-FA in the sera of rats bearing primary carcinogen-induced hepatomas.
MATERIALS AND METHODS
Tumours and experimental animals.-The BW7756 mouse hepatoma was obtained from the Jackson Laboratory (Bar Harbor, Maine) and maintained in s.c. animal passage in C57L/J mice. Mouse QUA fibrosarcoma was routinely passaged in C57BL/6 mice (Tong et al., 1978) . Female Wistar rats (-120 g) were allowed continuous access to drinking water containing 5 mg diethylnitrosamine/ 100 ml in order to induce primary hepatomas (Borenfreund et al., 1977; Borenfreund & Bendich, 1978) . The appearance of hepatocellular cancers in carcinogen-fed rats was monitored by agar double-diffusion test of sera, obtained by weekly tail bleedings, using rabbit antisera to rat a-foetoprotein (AFP). Fresh tumour tissues and organs (0-2-5-0 g wet uwt) obtained from neonatal and adult I To whom reprint requests should be addressed. C57 mice were homogenized in 3 x the tissue weight of phosphate-buffered saline (PBS) using a Virtis 45 tissue homogenizer, and the 3000 g supernatant was collected (Stonehill & Bendich, 1970) .
Histology.-Liver specimens from AFP+ rats were fixed in Bouin's solution, embedded in paraffin and sectioned for histological examination. Tissues were stained with haematoxylin and eosin.
Antisera-.The production of an antiserum to murine y-FA (anti-y-FA) has been described (Tong et al., 1978) . Briefly, rabbits were immunized with PBS extracts of 3-methylcholanthrene-induced mouse QUA fibrosarcomas (Biedler & Peterson, 1973) . The y-globulin fraction of anti-QUA tumour serum was repeatedly absorbed by incubation at 37°C for 1 h with lyophilized extracts of normal adult internal organs and freshly collected adult mouse serum. After further incubation at 4°C for 5 h, the absorbed yglobulin preparation was clarified by centrifugation at 12,000 g. The absorption procedure was continued until precipitin activity to adult mouse serum and all internal organs (except spleen) was removed, as determined by agar double-diffusion test. Immunoelectrophoretic analysis of extracts of QUA tumour and foetal mice with this absorbed antiserum disclosed a single precipitin arc of y mobility in extracts of both foetus and tumour; agar double-diffusion test revealed the antigen (y-FA) of tumour and foetus to be antigenically identical (Tong et al., 1978; Higgins et al., 1979) . Antiserum to rat AFP was obtained by methods similar to those previously described for preparation of anti-mouse AFP (Higgins et al., 1979) .
Antigen quantitation.-The relative amount of y-FA in organ extracts of neonatal and adult C57BL/6 mice was determined by radial immunodiffusion assay (Mancini et al., 1965; Tong et al., 1978) . For assay, 2-5 ml of 1% agarose (w/v) in Beckman B-2 buffer, pH 8-6, was mixed with 0 1 ml of anti-y-FA and 0 1 ml of normal rabbit serum, and layered into empty Hyland Immuno-plate moulds (Hyland Laboratories, Costa Mesa, CA). Antigen wells 3-7 mm in diameter were cut and filled with 10 ,ul of organ extract of known protein concentration (Shatkin, 1969) . Plates were incubated at 37°C and the diameters of the precipitin discs measured after 72 h. The radial immunodiffusion unit used for quantitation is defined as the square of the diameter (in mm) of the precipitin disc minus the square of the antigen well diameter per jug of protein assayed (Tong et al., 1978) .
Sucrose-gradient sedimentation.-Sedimentation of 0-5ml samples of BW7756 mouse hepatoma and QUA tumour extracts through continuous 5-20% sucrose/PBS gradients was done for 18 h at 45,000 rev/min in an SW 50-1 rotor, using a Beckman L-2 preparative ultracentrifuge. After centrifugation, the tubes were punctured from the bottom, 4-drop fractions collected and the position of y-FA located by radial immunodiffusion. Marker proteins bovine serum albumin (4.6S, 67,000 mol. wt), ovalbumin (3.6S, 43,500 mol. wt) and lysozyme (2.1S, 17,200 mol. wt) were located in parallel gradients by UV absorption.
Molecular-sieve chromatography.-PBS extracts of Day 17 C57BL/6 foetal mice and QUA tumour were chromatographed on Sephadex G-200 using a K15/30 column (Pharmacia Fine Chem. Co., Piscataway, N.J.) which had been calibrated with proteins of known Stokes radii. Elution profiles were monitored with a Gilford Multisample Absorbance recorder at 280 nm. The peak of y-FA elution was determined by radial immunodiffusion assay of lOul aliquots from each fraction. The Stokes radius of y-FA derived from tumour and embryo was calculated according to Ackers (1964) using data obtained from duplicate analyses.
Solubiltity and heat-denaturation determinations.-The solubility of hepatoma-extracted y-FA was examined in Tris buffer and Tris buffer containing ammonium sulphate. Heat stability of y-FA antigenic reactivity was determined in 10-3M Tris, pH 7 2. Double-diffusion assay.-Agar double-diffusion assay of sera and tumour extracts used Hyland Immuno-plates, pattern "D". Wells were filled with 10 ,ul of antisera or test antigen solution, the plates sealed, and kept at 37°C for 72 h to allow the precipitin reaction to go to completion. When necessary, the precipitin patterns were stained with Amidoschwarz lOB (Lardinois & Page, 1969 Biochemical and biophysical properties of y-FA Extraction of mouse BW7756 hepatoma tissue in 10-3M Tris buffer, pH 7-2, and centrifugation at 10,000 g produced a supernatant fraction containing y-FA and AFP; the 2 antigens proved to be immunologically distinct (Fig. 1) . Heating of this extract to 56°C for 30 min caused an 82% loss of soluble protein; agar doublediffusion analysis of the 10,000 g 560C supernatant brought to 22°C showed that the antigenic reactivity of both AFP and y-FA with their respective antisera was retained after heating. Dialysis of the 56cC-supernatant fraction of mouse hepatoma extract against 75% saturated tissue PBS extracts and subsequent immunological monitoring of the fractionated gradients by radial-immunodiffusion assay indicated a sedimentation coefficient of 3-5 S for y-FA (Fig. 2) . Sephadex G-200 chromatography of aliquots of QUA tumour and Day 17 0 00 C) mouse foetal-tissue extracts and radialimmunodiffusion assay of the eluted fractions for y-FA yielded the elution profile of Fig. 3 . It is evident from Fig. 3 and Table II that (Table II) and the y-FA contribution to caeh fraction determined immunologically. Estimated a of murine y-FA = 2-41 + 0 11 jum Ve: elution volume. Elution peak for protein standards was located by UV absorption; elution peak for y-FA in tumour and embryo extracts was ascertained by radial immunodiffusion (see Fig. 3 ).
V.: void volume as determined with blue dextran. Average VO of 4 separate determinations was 16-4 ml. KD = VeV : distribution coefficient (Ackers, 1964) .
Vi: internal volume, obtained by determination of Ve phenylalanine-Vo (i.e. 42-2-16-4= 25-8 ml). a: Stokes radius; the known values for gamma-globulin, ovalbumin, myoglobin, cytochrome C, and bovine serum albumin were as reported (Ackers, 1964) or as calculated from the diffusion coefficient (Sherman, 1975) .
r: effective gel-pore radius (Ackers, 1964) . cate analyses of y-FA from both em bryo and QUA tumour showed that the antigen from either source had about the same Stokes radius (Table II) . The results of these various Stokes radii determinations suggest a mol. wt for y-FA of -35,000.
Agar double-diffusion test of tumour extracts or sera from tumour-bearing mice revealed the presence of y-FA in 4/6 neoplasms examined (Table III) . This antigen was not detected in the sera of pregnant or multiparous mice. The biophysical and biochemical properties of y-FA are summarized in Table IV. To ascertain whether an antigen reactive with anti-mouse y-FA could be in- (Baldwin et al., 1972; Parker & Rosenberg, 1977b) . This once again suggests that the process of malignant transformation in diverse cell types may have common, perhaps diagniostically useful, marker antigens.
